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Variable Focus Lens 



This invention relates to a variable focus lens conqnismg a first fluid and a 
second fluid ^v^ch are in contact over amCTiscus and to a method of opmding such a 
variable focus leas. Hie sha|>e of the meniscus can be controlled by a voltage. 

A fluid is a substance that alters its shqie in response to any force^lhat tends 
5 to flow or to conform to the outline of its chainber» and that includes gases> liquids and 
mixtures of solids and liquids enable of flow. 

The meniscus between the first fluid and the second fluid is called concave, if 
the meniscus is hollow as se^ fix>m &e second fluid If the first fluid is regarded as a Iraus, 
this lens would nonnidly called concave if the meniscus is concave according to the 

10 definition in the previous sentence. 

A variable focus lens having such an arrangement is desc^bed in Intemational 
patCTt application WO 99/1 S4S6. In this arrangCTOient, the lens ccnqxrises a chamber filled 
with a conductive first liquid, a droplet of an msulatmig, non-miscible second liquid bemg 
held in a surfoce zone of the chamber wall by a fluid contact layer epplied on the wall. The 

1 5 fluid contact layer positions the droplet because part of the fluid contact layer is hydrophobic 
and an adj acent part is hydrophilic. Application of a voltage to electrodes in the chamber 
causes the refracting iq>per sur&ce or meniscus of the dropl^ to become more convex, hi one 
^nbodiment, the hydrophobic and hydrophiUc parts of flie fluid contact layer are arranged 
along a cylindrical surfece, tiie sides of fiie droplet being positioned axially along the 

20 cylindrical sur&ce, and thereby centred, by the hydrophilic part when no voltage is appUed 
and by a smes of electrodes along the sides of the cylinder when a voltage is dpp&ei. Such a 
Ims is complex to manu&cture and, particularly in the cylindrical configuration, requires a 
relatively hig^ voltage in order to alto* the lens characteristics of the droplet, ^^ch can cause 
premature degradation of Ifae lens ^en used over a period of time* 

25 A further variable focus lens having such an arrangement is described in the 

int^nationa] patrat application WO 00/S8763. The proposed means for centcmg a droplet of 
insulating tiquid is abeU-mouthed recess formed of an insulating layer in an adjustable lens. 
The sides of the recess are arranged so as to ke^ the droplet centred within Ihe recess and to 
provide a convex r^Gracting sur&ce on tiie droplet. The recess is shaped such that the 
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pifgiufacture of such a lens remains relatively complex, and since ttie base of fhe recess is 
fcmned of fhe same mat^al as the sides of the recess^ such material must be chosen to be 
transparCTt if the lens is to be operative. 

In accordance ivith the present invention, there is provided a variable focus 

5 lens including 

a substantially c^&uhical fluid chamber having a cylinder wall and an axis, 
the fluid chamber including a first fluid (A) and an axially displaced second fluid (B), the 
fluids being non-miscible» in contact over a meniscus and having different indices of 
refraction, 

10 a fluid contact layer arranged on fhe inside of the cylinder wall, 

a first electrode separated from Ihe first fluid and second fluid by the fluid 

contact layer^ 

a second electrode acting on the second fluid, 

fhe fluid contact layer having a wettability by the second fluid which varies 

IS under the application of a voltage between tibe first electrode and the second electrode, such 
that the sh^e of the meniscus varies in dependence on the said voltage^ 

. wherein tiie wettability of ttie fluid contact layer by the second fhdd is 
substantially equal on both sides of the intersection of the meniscus with the contact layor 
when no voltage is applied between the first and second electrodes. 

20 The equal w^tability of the fluid contact layer on both sides of the intersection 

allows a larger movement of the meniscus and, as a consequence, a greater change in 
curvature of Ihe meniscus. It allows a concave meniscus to become convex or vice versa. 

In a preferred embodiment the lens is arranged to produce a moxiscus shape 
which is concave, the sluqpe becoming less concave at increasmg magnitude of voltage 

25 appUed b^een the first and second electrodes. With the fluid contact layer substantially 
c^indrical, the tendency of the first fluid to wet fhe fluid contact snrfece can be used to 
produce the concave meniscus shape, and fiirthermore^ relatively low voltages can be used to 
vary fhe meniscus shape to eltex fiie power of the lens. Thereby^ a desired range in lens power 
may be produced without tihe application of excess voltage. . 

30 By using a substantially cylindrical ixmer sur&ce of fhe fluid contact layer and 

arranging fhe lens to produce a concave meniscus slu^e, the range in lens pow^ of the lens 
can be improved without tiie ^plication of excess voltage. At sufficiently high magnitude of 
voltage the sh^ of the m^iiscus may become convex. AppUcation of excess voltage can 
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lead to ttie charging of the fluid contact layer, which has been found to cause degradation of 
the layer, leading to a significaxit reduction in die useful life^^ 

A substantially cylindrical inner surface for the fluid contact layer may be 
produced without &e need for complex procrasing techniques. In particular, such an inner 
5 sur&ce shape may be produced by dip coating of a c^iodiical electrode^ widctx is a relatively 
reliable and inexpemive procedure. The fluid contact layer is fiirQiennore prefiBiably of a 
umform thidcoess so as to provide a reliable refiactive behaviour of the meniscus dmmg^out 
the adjustable range of ttie lens. Again, such a umform fluid contact layer can be readily 
Induced by dip coating a cyUndrical electrode element 

10 A second aspect of the invention relates to a method of opiating a variable 

focus lens including a substantially cylindrical fluid chamb^ having a c^dinder wall, the fluid 
chamber including a first fluid (A) and an axially displaced second fluid (B), the fluids being 
non-misdble, in contact over a meniscus and having diSerent indices of refraction, a fluid 
contact layer arranged on the inside of the cylinder wall, a first electrode s^arated jQxnn the 

IS first fluid and second flidd by the fhud contact layer, a second electn^deacti^ 

fluid, the w^tability of the fluid contact layer by the second fluid being substantially equal on 
botiii sides of the intersection of the meoiscus with'ttie contact laya wfam no voltage is 
^lied bdween fbc first and second electrodes, flie wettability of Ifae fluid contact layer by 
the second fhiid varying under the q^lication of a voltage between the first electrode and fiie 

20 second electrode, the method conqxrising cQntroUintg the said voltage to change the shi^e of 
the meniscus. 

Further features and advantages of the invention will become appar^t &om 
file following descrq>tion of preferred embodiments of the invention, wherein: 
25 Figures 1 to 3 show an adjustable lens in accoi^dance with an embodiment of 

die invention in schonatic cross section; 

Figure 4 shows an linage c^ture device in accordance with an enibodi^ 
ttie invCTtion in schematic odoss section; and 

Figure S shows an optical scanning device in accordance wifli an embodiment 
30 of tiie invention in schematic cross secticm. 

Figures 1 to 3 show a variable focus lens comprising a cylindrical first 
electrode 2 forming a capillary tube, sealed by means of a transparent fiont element 4 and a 
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transparent back element 6 to form a fluid chamber 5 containing two fluids. The electrode 2 
may be a conducting coating applied on the iimer wall of a tube. 

In this embodiment the two fluids consist of two non-miscible Uquids in the 
fomi of an electrically insulating first liquid A, such as a silicone oil or an alkane^ referred to 
5 herein ftother as 'the oil", and an electrically conducting second liquid such as water 
containijng a salt solutioiL The two Uquids are preferably arranged to have an equal d^isity^ 
so that the lens functions independently of orientation, Le. without dependence on 
gravitational effects between the two liquids. This may be achieved by appropriate selection 
of the first hquid constituent; for example alkanes or silicon oils may be modified by addition 

1 0 of molecular constituents to increase their density to match that of the salt solution. 

Depending on the choice of the oil used, the refiactive index of the oil may 
vary betwe^oi 1.25 and 1 .60. Likewise^ depending on the amount of salt added, the satt 
solution may vary in refiiactive index between 1 .33 and 1 .48. The fluids in this embodiment 
are selected such that the first fluid-A has a higher refiractive index than the second fluid B. 

15 The first electrode 2 is a c^inder of ixmer radius typically between 1 nnnand 

20 mm. The electrode 2 is f<»med fi^m a metallic material and is coated by an insulating 
layer 8, formed for exanoqple of parylene* The insulating layn has a thickness of b^wem 
50 nm and 100 psn^ with typical values between 1 fjsxi and 10 fxsxL The insulating layCT is 
coated with a fluid contact layer 10, winch reduces tiie hysteresis in the contact angle of the 

20 maiiscus with the cylindrical wall of the fluid chamber. The fluid ccmtact layer is preferably 
formed &om an amorphous fiuorocazbon such as Teflon™ AF1600 produced by DuPont™. 
The fluid contact layer 10 has a thickness of between 5 nm and 50 ibxl The AF1600 coating 
may be produced by successive dip coating of the electrode 2, which fonns a hcxmo^eous 
layer of mataial of substantially uniform ddckness since &e cylindrical sides of the electrode 

25 are substantially parallel to the cylindrical electrode; dip coating is performed by dqyping the 
electrode whilst moving &e electrode in and out of flie dipping solution along its axial 
direction. The paralyne coating may be applied using chendcal vapour deposition. The 
wettability of the fluid contact layer by the second fluid is substantially equal on both sides of 
the intersection of the meniscus 14 with the fluid contact layer 10 when no voltage is qiplied 

30 between the first and second electrodes. 

A second, annular electrode 12 is arranged at one end of the fluid chamber, in 
this case, adjacent the back element The second electrode 12 is arranged with at least one 
part in the fluid chamber such that the elecbode acts on die second fluid B. 
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The two fluids A and B are non-misdble so as to traid to s^aiate into two 
fluid bodies s^arated by a meniscus 14. When no voltage is ^lied between the first and 
second electrodes, the fluid contact layer has a hi^er wettability with lespect to the first fluid 
A than the second fluid B. Due to electiowetting, flie wettability by the second fluid B varies 
under the applicatian of a voltage between the first electrode and the second electrode, which 
tends to change the contact angle of the meniscus at the three phase line (the line of contact 
between ttie fluid contact layer 10 and the two liquids A and B). The shape of the meniscus is 
thus variable in dependmce on the applied voltage. 

Referring now to Figure 1, when a low voltage Vi, e.g. between 0 V and 20 V, 
is ^lied between the electrodes die memscus adopts a first concave meniscus shape. Jn this 
configuration, the initial contact angje d\ betweea flie maoiscus and the fluid contact layo: 10, 
measured in tiie fluid B, is for exani$>le q>proximately 140°. Ehie to die higjier refiractive 
index of the first fluid A than the second fluid B, the lens formed by the meniscus, here called 
meniscuB Ims, has a relatively hi^ negative power in this configuration. - 

To reduce the concavity of die meniscus shape, a Mgh^ ma g n i t ude of voltage 
is ^lied between the first and seomd electrodes. Refetimg now to Figure 2, when an 
inteonediate voltage Va, e.g. betweoa 20 V and 1 50 V, depending on Ae thickness of the 
insulatmg layer, is applied between fl» electrodes the meniscus adopts a second concave 
meniscus sh^ having a radius of curvature iiicreased in Gon3pari8on with die nMuiscu^ 
Figure 1 . In this configuration, the intermediate contact angle 62 between the first fluid A and 
the fluid contact layer 10 is for example approximately lOO". Due to the hig^ refractive 
index of the first fluid A than the second fluid B, the meniscus lois in diis configuration has a 
relatively low negative power 

To produce a convex meniscus shape, a yet hi^cr magnitude of voltage is 
^lied betweoi flie first and second electrodes. Referring now to Figure 3, when a relatively 
b^ voltage V3,e.g.l50Vto 200 V, is ^lied between flie electrodes die moiscus adopts 
a meniscus shs^ein wMch tibie mCTiscos is coavcK. Li this configuratiQn, maxnnum 
contact angle 0^ between the first fluid A and the fluid contact layer 10 is for sample 
^jproximately 60^. Due to &e td^er refractive index of &e first fluid A than Ae second fluid 
B, Hie meoiscus lens in this configuration has a positive power. 

Note that, whilst achieving the configuration of Figure 3 is possible using a 
relatively high power, it is prefeired in a practical embodiment that a device including flie 
leM as described is ad^ted to use only low and intemediate powOT in the ranges 
ttiat is to say tihat the voltage q>plied is restricted such that die electrical field strength in the 
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insulatmg layer is smaller than 20 V/fan^ and excessive voltages causing charging of the fluid 
contact layer, and hence degradation of the fluid contact layer, are not used. 

Note furthermore that the initial, low voltage, configuration will vary in 
dependence on the selection of the liquids A and B, in dependence on fiieir sur&ce tensions). 
5 By selecting an oil with a higher sur&ce tension, and/or by adding a component, such as 
ethylene glycol, to the salt solution whidi reduces its surfoce tension, the initial ccmtact angle 
can be decreased; in this case the lens may adopt a low optical power configuration 
corresponding to that shown in Figure 2, and an intermediate power configuration 
corresponding to that shown in Figure 3. In any case, the low power configuration remains 

10 such that the mCTdscns is concave, and a relatively wide range of lens powers can be 
produced without using an excessive voltage. 

Although the fluid A has ahig^er refiractive index than fluid B in the above 
example, the fluid A may also have a lower refractive index than fluid B. For ecxample, the 
fluid Amaybe a^er)fluormatedoil, i?«4uch has a lower refractive index than wator. IntMs 

15 case the amorphous fluaropolymer laya is preferably not used, because it might dissolve in 
fluorinated oils. An altocnative fluid contact layer is e.g. a paraffin coating. 

Figure 4 illustrates a variable focus im^e cq)ture device including a lens in 
acconiancewilb an embodiment ofthe present invention. Blemmts similar to that described 
in relation to Figures 1 to 3 are provided with the same reference numerals, incremented by 

20 100, and die previous description of fliese similar elemmts should be taken to spply here. 

The device includes a conqK)und variable focus lens including a c^Undiical 
first electrode 102, arigid front l^is 104 and arigid rear leas 106. The space enclosed by the 
two lenses and the first electrode forms a cylindrical fluid chamber 105. The fluid chaniber 
holds die first and second fluids A and B. The two fluids touch along a meniscus 114* The 

25 meniscus forms a meniscus lens of variable power, as previoudy described, d^ending on a 
voltage BppUed between the first electrode 102 and the second electrode 1 12. In an 
alternative eoibodiment, the two fluids A and B have changed position. 

The front lens 104 is a convex-convex lens of hi^y refracting plastic, such as 
polycaibonate or cyclic olefin copolyma:, and having a positive power. .At least one of the 

30 surfaces of the fix>nt lems is aspherical, to provide desired initial focusing characteristics* Ihe 
rear lens element 106 is formed of a low dispersive plastic, such as COC (cyclic olefin 
copolymer) and includes an aspherical lens surface which acts as a field flattener. The oftx&c 
sur&ce of the rear l^is element may be flat, spherical or aspherical. The second electrode 1 12 
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is an annular electrode located to the periphery of the refracting sor&ce of the rear lens 
element 106. 

A glare stop 1 16 and an q>«iure stop 1 1 8 are added to the front 
pixellatedunage smsor 120^ such as aCMOS sensor array, is located in a sensor plane 
5 behind the Icts. 

An electronic control drcuit 122 drives the meniscus lens^ in accordance with 
a focus ccmtrol signal, derived by focus control |m>ce8sing of the image signals, so as to 
provide an object rango of between infinity and 10 cm. The control circuit controls die 
appli^ voltage betwem a low voltage level, at which focusing on infinity is achieved, and 
10 higher voltage levels, when closer objects are to be focused. When focusing on infinity, a 
concave m^iiscus widi a contact angle of approxhnately 140® is product whilst when 
focusing on 10 cm, a concave maEdscus wifli a contact angle of ^>proximately 100** is 
produced 

The conducting second fluid, the insulating layer ^md the second electrode 
15 fonn an electrical capacitor, the csqpadtance of which dqiends on die position of the 

meniscus* The capacitance can be measured using a conventional csqpacitance meter. The 
optical strmgOi of the meniscus lens can be detemiined from the measured va^ the 
capacitance* 

The Icts is configured suchdiatalow, non*zero» voltage is applied to fi>cus 
20 thelensonanobjectatinfinity^araflelincomingrays), so astopro^ 

focus on infinity within reasonable manufacturing tolerances; if on the oth^ hand the leus 
wore to be configured such that focusing on infinity occurred when zero voltage is qiptted, 
more strict manu&cturing tolerances would have to be applied 

The fix>nt lens elem^t 104 is preferably formed as a single body with a tube 
25 holding the electrode 102 on its inner sur&ce and closed offby the rear lens 106 to forma 

sealed unit The second lens elemrat 106 maybe extended, in relation to that shown in Figure 
4, and the flat rear sur&ce of die lens elemmt 106 may be replaced by an angled mirror 
sur&ce, prefoably angled at 45^ to allow die image sensor 120 to be placed below the lens, 
in order to reduce the dimensions of the leatis. 
30 The fluid diamber lOS may be provided with an e}q>ansion chamber to 

accommodate volume changes due to diemal expansion of die fluids* Ihe expansion 
chamber may be a flexible membrane in one of the walls of the fluid chamber. 

The innCT surfaces of the ftont lens 104 and the rear lens 106 maybe coated 
widi a protective layer to avoid incompatibiUty of the material fix)m which die lenses are 
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made with the fluids A and B. The protective layer may also have anti-reflection 
characteristics. 

Figure S shows elements fix>m an optical scanning device containing a lens in 
accordance with an embodiment of the invwtion. The device is for recording and/or playback 
5 from an optical disk 206, for exan^jle a dual layer digital video recording (DVR) disk (see 
fijr instance the article by K. Schep, B.Stek, R. van Woudmbeig, M Blum, S. Kobayashi, T, 
Narahara, T. Yamagami, H.Ogawa, "FomiHt description and evaluation of the 22,5 GB DVR 
disc". Technical Digest, ISOM 2000, Oiitose, Japan, Sept 5-8, 2000), The device includes a 
coiiq)ound objective lens, for instance having a numerical aperture of 0.85, including a rigid 

1 0 fix)nt l&as 202 and a rigid rear lens 204, for instance as described in Intemational patent 

qq;>hcation WO 01/73775^ for focusing the incoming collimated beam, for instance having a 
wavelength of 405 nni» consisting of sobstantially parallel rays, to a spot 208 in the plane of 
an information iKyer currently being scaxmed. 

In dual layer DVR disks the two information layers are at dep&s of 0.1 mm 

1 5 and 0.08 nun; they are thus separated by typically 0.02 mm. Wxen refocusing fixnn one layer 
to the oth^, due to the difference in information layer depth, some 200 mXof imwanted 
spherical wavefiront aberration arises, which needs to be compensated. One way to achieve 
this is to change the verg^ce of flie incoming beam using a mechanical actuator, for example 
moving a collimator lens in the device, which is relatively expulsive. Anoth^ ^proach is to 

20 use a switehable Uquid crystal cell, whidi is also a relatively expensive solution. 

In Ihis onbodiment, a switohable variable focus lens 200 similar to that 
described in relation to Figures 1 to 3 is used. In this OTibodimenl; die oil chosen is 
polydimethyl (8-12%)-phenyhneth^silox8ne copolymer^ and a salt water solution is used as 
the conducting liquid* Each of the liquids, vrben the lens 200 is arranged with aplanar 

25 meniscus,hasadncknessof approximately 1 mm. 

The device includes an electronic control circuit 222 for qpplymg one of two 
selected voltages to the electrodes of die lens 200 in deprndmce on the infomation layer 
cuirently being scanned. In one configuration, during the scanning of the information layer 
dqpth of 0.08mm, a relatively low selected voltage is dppUed to produce a meniscus curvature 

30 of radius R=^21^6mm, In the other configuration, during the scanning of the infonnadon 
layer depth of 0. Imm, a relatively high selected voltage is ^plied to produce a planar 
mCTiscus curvature. As a result, the root mean square value of die wavefixmt aberration can 
be reduced ftom 200 mX to 18 mK Note that a similar effect can be obtained using different 
combinations of meniscus curvatures, since only a variation in lens power is required; 
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fixrthCTiiore the diff^^rezice in lens power can also be achieved with largCTmovonents intiie 
meniscus by making the reftactive indict of ttie two liquids more similar. 

Not^ in reladcm to all the above embodiments^ the electrode is itself 
preferably c^ybodrical, but some variation fiom a perfect c^inder is possible^ e.g. sliglitly 

5 conical However, the cylinder should preferably remain substantially cylindrical, namely 
\^diere the fluid contact layer has a linear cross section^ i.e. the layer forms straight lines in a 
cross section of die cylinder, -v^eare fhe was of the cylinder lies in fhe cross section. Hie 
linear cross section should be parallel to the axis of the electrode at least to wittnn 1 0 degrees, 
more pref^M^ly at least to within 1 degree- A cylindrical electrode can be made using 

10 convCTtional, che^ tiiTimg having a cross section which is parallel to the axis within 0.1 

degree and a smootibt inner wall on which the various layers can be dqposited. The possibihty 
to use such tubing gives the lens according to flie invention a cost advantage. The fluid 
contact layer may itself not be perfectly Unear; however any non-linearity is preferably 
limit ftd fsndt that the non linearity causes a difFerence in radial extent less than one tendi, 

IS more preferably less than one twentieth, of the axial extent of tiie electrode. 

The above embodiments are to be understood as illustrative examples of tbe 
invention. Fuocther embodiments of the invention are mvisaged. For example, fhe first fluid 
may consist of a vsq>our radier dian an insulating liquid* The second fluid may be a fluid 
having a lower sur&ce tension than fhe first fluid. In that case the shape of the meniscus at 

20 low £^liedvolta^ will be convex. 

It is to be understood diat any feature described in relation to one CTbodiment 
may also be used in other of die embodiments. 

Furthermore, equivalents and modifications not desaibed above may also be 
employed without departing &om the scope of the invention, which is defined in the 

25 accompanying claims. 
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1- A variable focus lens including 

a substantially cylindrical fluid chanib^ having a cylinda: wall, the fluid chamber including a 

first fluid (A) and an axially displaced second fluid (B), the fluids being naurmiscible, in 

contact over a meniscus (14) and having different indices of refraction, 

a fluid contact layer (10) arranged on the inside of the cylinder wall, 

a first electrode (2) separated jBx)m the first fluid and second fluid by the fluid contact layer, 

a second electrode (12) acting on the second fluid, 

the fluid contact layer having a wettability by the second fluid which varies under the 
application of a voltage between the first electrode and the second electrode, such tiiat the 
sho^e of the meniscus varies in dependence on the said voltage, 

wherein the wettability of the fluid contact layer by the second fluid is substantially equal on 
both sides of the intersection of the meniscus with the contact layer when no voltage is 
£qn>li^ between tiie first and second electrodes. 

^* A lens according to claim 1, whwein the inna smdfoce of flie fluid contact 

layer has a Hnear cross-section, and wherein the linear cross section is parallel to the axis of 
the substantially c^indrical shape of flie suri&ce to wiflnn 10 degrees. 

3- A l»s according to claim 1, wherein the first fluid includes an insulating 

liquid and the second fluid includes a conducting hquid. 

4* A lens according to claim 1, wherein the first fluid includes a v^ur and die 

second fluid includes a conducting liquid. 

5- A lens according to any one oftheprecediiigclainis,wfaereui Helens is 

arranged to produce a meniscus shspe which is concave when viewed from the second fluid, 
the sh^e becoming less concave at increasing magrdtude of voltage applied between the first 
and second electrodes. 
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6. A lens according to any preceding claim» whordn the fhnd contact layer is a 
substantially homogeneous layer of unifoim thickness. 

7. A lens according to any preceding claim, i?vhearein said first electrode is 
S substantially cylindrical. 

8. A lens according to any preceding claim, wherein said first fluid has a larger 
refi^active index than said second fluid and wherein the lens is a conq)ound lens comprisiag at 
least one fixed lens element (104) providing a positive lens power, such that the compound 

1 0 l^is has a positive lens power when fh& meniscus is convex in relation to the first fluid. 

9. An optical device coniprisiiig a Ictis according to any preceding claim, flie 
device conjpdsing means defining a focusing plane (120) \^erein the lens is arranged such 
tiiat when radiation consisting of parallel rays is input and a non-zero voltage is applied 

1 S hdtwoexL the first and second electrodes, the radiation is focused on the focusing plane. 

1 0. An image c^ture device comprising a lens according to any preceding claim. 

1 1 . An optical scanning device for scanning an optical record carrier, conqnising a 
20 lens according to any of claims 1 to 10. 

12. An optical scanning device according to claim 12, wherdn said Icts is 
arranged to correct for sphoical aberrations arising during the scanning of different 
information layer dqrtfas in qptical record carriers being scanned. 

25 

13. A method of operating a variable focus lens including a substantially 
cylindrical fluid ohaniber having a cySnda wall, the fluid chamber including a first fluid (A) 
and an axially displaced second fluid (B), &e fluids being non-miscibl^ in contact over a 
meniscus (14) and having dififerent indices of refraction, 

30 a fluid contact layer (10) arranged on the inside of tiie c^inder wall, 

a first electrode (2) separated fiom the first fluid and second fluid by tiie fluid contact layer, 
a second electrode (12) acting on the second fluid. 
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fhe wettability of llie fluid cxmtact layer by the second fhiid beixig substantially equal on both 
sides of Ibe intersection of tbe meniscus with fhe contact layer when no voltage is applied 
between the first and second electrodes^ 

fhe wettability of &e fluid contact layer by the second fluid varying under the application of a 
5 voltage between flie first electrode and fbc second electrode, 

fhe method comprising controlling the said voltage to change fiie shape of the meniscus. 

14. A method according to claim 13 wherein said method comprises varying said 
voltage to produce a meniscus shape which is concave when viewed fix>m the second fluid. 

10 

15. A method according to claim 13 or 14, wherein said method further conqxrises 
varying said voltage to produce a meniscus shE^e which is convex when viewed fiom second 
fluid. 

15 16. A method according to claim 15, wherein said meniscus has a contact angi^^ 

vnih fhe fluid ccmtact layer of between 100 and 140 degrees. 
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